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Japanese Patent TOkai No. 27,189/96 

[Document name] Specification 

[Title of the Invention] Interferon-y production inducing 

protein 

[Claims] 1. A protein having the following physicochemical 
properties : 

( 1 ) Molecular weight 

19,000±5,000 daltons on gel filtration and 
sodium dodecylsulf ate polyacrylamide gel 
electrophoresis ( SDS-PAGE ) ; 

(2) Isoelectric point (pi) 
4.8±1.0 on chromatof ocusing; 

(3) Partial amino acid sequence 

Possessing partial amino acid sequences in 
SEQ ID NOs:l and 2; and 

( 4 ) Biological activity 

Inducing the interferon- y production by 
immunocompetent cells. 

2. The protein as claimed in claim 1, which has the 
amino acid sequence containing the N- terminal in SEQ ID NO: 3 
(where the symbol "Xaa" means "methionine" or "threonine") or a 
homologous amino acid sequence to the amino acid sequence. 

3. A DNA encoding the protein as claimed in claim 1 

or 2 . 

4. The DNA as claimed in claim 3, which contains the 
base sequence containing the 5 T -terminus in SEQ ID NO : 4 , a 
homologous base sequence to the base sequence, or a complementary 
base sequence to these base sequences. 

5. The DNA as claimed in claim 3 or 4, wherein one or 
more bases in SEQ ID NO : 4 are replaced with other bases by means 
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acid sequence in SEQ ID NO : 3 . 

6. The DNA as claimed in claim 3, 4 or 5 , which is 
derived from mouse liver. 

7. A replicable recombinant DNA, which contains a 
self -replicable vector and a DNA encoding the protein of claim 1 
or 2 . 

8. The replicable recombinant DNA as claimed in claim 
7 , which contains the base sequence containing the 5' -terminus in 
SEQ ID NO: 4, a homologous base sequence to the base sequence, or 
a complementary base sequence to these base sequences. 

9. The replicable recombinant DNA as claimed in claim 
7 or 8, wherein one or more bases in SEQ ID NO : 4 are replaced with 
other bases by means of the degeneracy of genetic code without 
alternating the amino acid sequence of SEQ ID NO : 3 . 

10. The replicable recombinant DNA as claimed in claim 
7 , 8 or 9 , wherein said vector is pGEX-2T . 

11. A transformant obtainable by introducing into an 
appropriate host a replicable recombinant DNA which contains a 
self -replicable vector and a DNA encoding the protein of claim 1 
or 2. 

12. The transformant as claimed in claim 11, which 
contains the base sequence containing the 5 ' -terminus in SEQ ID 
NO: 4, a homologous base sequence to the base, sequence, or a 
complementary base sequence to these base sequences. 

13. The transformant as claimed in claim 11 or 12, 
wherein one or more bases in SEQ ID NO : 4 are replaced with other 
bases by means of the degeneracy of genetic code without 
alternating the amino acid sequence of SEQ ID NO : 3 . 

14. The transformant as claimed in claim 11, 12 or 13, 



- 2 - 



WiltiJ-fcii.Il ba±u VOOUU-L ±b poi,A-^i • 

15. The transf ormant as claimed in any one of claims 
11 1:o 14, wherein said host is a microorganism of the species 
Escherichia, coll. 

16. A process for preparing a protein, which comprises 
(a) culturing a transf ormant capable of forming the protein of 
claim 1 or 2 in a nutrient culture medium, and (b) collecting the 
formed protein from the resultant culture. 

17. The process as claimed in claim 16, wherein said 
transformant is obtainable by introducing into an appropriate host 
a replicable recombinant DNA which contains a self -replicable 
vector and a DNA encoding the protein of claim 1 or 2 . 

18. The process as claimed in claim 16 and 17, wherein 
said DNA contains the base sequence containing the 5 ' -terminus in 
SEQ ID NO: 4, a homologous base sequence to the base sequence, or 
a complementary base sequence to these base sequences. 

19. The process as claimed in claim 16, 17 or 18, 
wherein one or more bases in SEQ ID NO : 4 are replaced with other 
bases by means of the degeneracy of genetic: code without 
alternating the amino acid sequence in SEQ ID NO : 3 . 

20. The process as claimed in any one of claims 16 to 

19, wherein said vector is pGEX-2T. 

', l . The process as claimed in any one of claims 16 to 

20, wherein said host is a microorganism of the species 
Escherichia coll . 

22. The process as claimed in any one of claims 16 to 

21, wherein the protein formed in the step (a) is purified by one 
or more purification methods selected from the group consisting 
of concentration, salting out, dialysis, separator y sedimentation, 
gel filtration chromatography, ion- exchange chromatography, 
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chromatofocusing, gel electrophoresis, and isoelectric point 
electrophoresis . 

[Detailed Description of the Invention] 
[Field of the Invention] 

The present invention relates to a novel protein which 
induces the interferon-y (hereinafter abbreviated as " I FN- y " ) 
production by immunocompetent cells. 
[Prior Art] 

It is said that IFN-y is a protein which has antiviral-, 
antioncotic- and immunoregulatory-activities and which is produced 
by immunocompetent cells stimulated with antigens or mitogens. 
Because of these biological activities, IFN-y has been expected 
for use as an antitumor agent from the beginning of the finding, 
and studied energetically for clinical trials as a therapeutic- 
agent for malignant tumors in general including brain tumors. 
IFN-y preparations now commercially available are roughly 
classified into 2 groups, i.e. natural IFN-ys produced by 
immunocompetent cells and recombinant JFN-ys produced by 
transf ormants prepared by introducing DNAs which encode the 
natural IFN-ys into microorganisms of the species Escherichia 
coll. In the above clinical trials, either o V these IFN-ys is 
administered to patients as an "exogenous IFN-y". 

Among these IFN-ys, the natural IFN-y .is usually 
produced by culturing ostabl i shed immunocompetent cells 1 n 
nutrient culture media supplemented with IFN-y inducers to form 
IFN-y, and purifying the IFN-y. It is known that the type of I FN - 
y inducers greatly Influence on the production yield and the 
facility of IFN-y purification, as well as the safeness of the 
final products. Generally, mitogens such as concanavalin A (Con 



lipopolysaccharide are vised. These mitogens, however, have 
nr obi ems of their molecular and quality varyinq dependently on 
their origins and purification methods, as well as the difficulty 
of obtaining a desired amount of preparations with a constant IFN- 
Y inducibility . In addition, most of these mitogens induce 
unfavorable side effects when administered to living bodies, and 
some of them even cause toxicity, so that it is substantially 
difficult to induce the IFN-y production by the direct 
administrations to living bodies. 
[Object of the Invention] 

In view of the foregoing, the object of the present 
invention is to provide a novel protein which induces the I FN- y 
production by immunocompetent cells. 

It is another object of the present invention to provide 
a DNA encoding the protein. 

It is further object of the present invention to provide 
a replicable recombinant DNA which contains the DNA and a self- 
replicable vector. 

It is yet another object of the present invention to 
provide a transformant obtainable by introducing the recombinant 
DNA into an appropriate host. 

It is another object of the present invention to provide 
a process for preparing the protein by the application of the 
recombinant DNA technology . 
[Means to Attain the Object] 

The first object of the present invention is attained 
by a protein having the following phy s icochemi cal properties: 

(i ) Molecular weight 

19 , 000±5 , 000 daltons on gel filtration and 
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electrophoresis ( SDS-PAGE ) ; 
(7) Isoelectric point (pi) 

4.811.0 on chromatof ocusing; 

(3) Partial amino acid sequence 

Possessing partial amino acid sequences in 
SEQ ID N0s:l and 2; and 

(4) Biological activity 

Inducing the I FN- y production by 

immunocompetent cells. 

The second object of the present invention is attained 
by a DNA which encodes the protein. 

The third object of the present invention is attained 
by a replicable recombinant DNA which contains the DNA and a self- 
rep llcable vector . 

The fourth object of the present invention is attained 
by a transf ormant obtainable by introducing the replicable 
recombinant DNA into an appropriate host. 

The fifth object of the present invention is attained 
by a process for preparing the protein comprising culturing the 
transfornicnt in a nutrient culture medium, and collecting the 
forced protein from the resultant culture. 
[ Function] 

As is described above, the protein according to the 
present invention has the specific phy sicochemioal properties, and 
induces the I FN- y production when acts on immunocompetent cells. 

The DNA according to the present invention expresses the 
production of the present protein by introducing it into an 
appropriate self -replicable vector to form a recombinant DNA, and 
introducing the recombinant DNA into a host capable of proliferat- 
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present protein. 

The replicable recombinant DNA according to the present 
invention expresses the production of the present protein by 
introducing it into a host capable of proliferating without 
difficulty but inherently incapable of producing the present 
protein . 

The transformant produces the protein when cultured. 

When the transformant is cultured by the process 
according to the present invention, the present protein is formed 
in a desired amount with a relative easiness. 

Explaining now the present invention with reference to 
the following experiments and examples, the present invention is 
based on the finding of a novel protein which induces the I FN - y 
production by immunocompetent cells. During the study on 

cytokines produced from mammalian cells, the present inventors 
found the existence of a novel substance which induces the I FN- y 
production in mouse liver. They isolated the substance by the 
combination use of purification methods comprising column 
chromatography mainly, studied the property and feature and 
revealing that the reality is a protein having the following 
physioochemical properties : 

( 1 ) Molecular weight 

19 , 000±5 , 000 daltons on gel filtration sodium 
dodecyl sulfa t o p o 1 y a c r y 1 a m i d e g e 1 

electrophoresis ( SDS-PAGE ) ; 

(2) Isoelectric point (pi) 
4.8+1.0 on chromatof ocus.i ng; 

(3) Partial amino acid sequence 

Possessing partial amino acid sequences in 
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(4) 



Biological activity 



Inducing the interferon- y production by 



immunocompetent cells . 



The experi 



ments conducted to reveal the phy sicochemical 



properties are explained in the below: 

Expe rim ent^ 1 

P re para tion of purified protein 

To 600 8-week-old female CD-I mice was intraperi tonealy 
injected one mg/mouse of dead Corynebacterlum parvurn ( ATCC 11827) 
which had been obtained by preheating at 60° C for one hour, and 
the mice were fed in usual manner for 7 days and intravenously 
injected with one ug/mouse of a purified 1 ipopolysaccharide 
derived from Escherichia coll. On 1-2 hours after the intravenous 
injection, the mice were sacrificed by dislocating their cervical 
vertebrae, to collect their blood from hearts, followed by removing 
their livers, disrupting them by a homogenizer in 8-fold volumes 
of 50 mM phosphate buffer ( pH 7.3), and extracting the resultant. 
The resultant extract was centrifuged at about 8,000 rpm for 20 
min, and an about 9 L of the resultant supernatant was admixed 
with a saturated ammonium sulfate in 50 mM phosphate buffer ( pH 
7.3) to give a saturation degree of 4 5 w/v %. The resultant 
solution was allowed to stand a t; 4° C for 18 hours and centr.i f uged 
at: about 8,000 rpm lor 30 min to obtain a 19 L supernatant 
containing the present protein. 



4.6 L of " PHENYL SEPH AROSE " , a product of Pharmacia LKB , Uppsala 
Sweden, which had been equilibrated with 50 mM phosphate buffer 



washed with a fresh preparation of the same buffer, and fed at an 



The supernatant was fed 



to a column packed with about 



(pH 7.3 



) c o n t a i n i i i g on e M a m m o n i u i n s u 1 f a t e , rind t h e c o 1 u m n w a s 
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having a linear gradient of ammonium sulfate ranging from 1 M to 
0.2 M. Fractions containing the present protein eluted at 0.8 M 
ammonium sulfate were collected and pooled into an about 4.8 L 
solution which was then concentrated with a membrane filter, 
dialyzed against 20 mM phosphate buffer ( pH 6 . 5 ) at 4 C for 18 
hours, and fed to a column packed with about 250 ml of "DEAE- 
SEPHAROSE" , a product of Pharmacia LKB, Uppsala, Sweden. The 
column was washed with a fresh preparation of the same buffer and 
fed at an SV 0.13 with 20 mM phosphate buffer ( pH 6.5) with a 
linear gradient of sodium chloride ranging from 0 M to 0.2 M to 
elute the present protein at a concentration of about 0.13 M 
sodium chloride. 



pooled (about 260 ml), concentrated and dialyzed against 25 mM 
Bis-Tris buffer ( pH 7.1) at 4° C frr 18 hours. The dialyzed 
solution was applied to a column packed with about 24 ml of "MONO- 
P M , a product of Pharmacia LKB, Uppsala, Sweden, and eluted with 
10 v/v % polybuffer 74 ( pH 4.0) while decreasing the pH from 7 to 
4 to obtain an about 23 ml eluate containing the present protein. 
The eluate was concentrated, fed to a column packed with "SUPER- 
DEX 75", a product of Pharmacia LKB, Uppsala, Sweden, which had 
been equilibrated with a solution containing 7 mM disodium 
hydrogen phosphate, 3 mM sodium dihydrogen phosphate, and 139 mM 
sodium chloride, and eluted with a fresh preparation of the same 
solution on gel filtration chromatography to obtain fractions 
containing the present protein, eluted at fractions corresponding 
to about 19,000 daltons . The fx actions were pooled and 

concentrated for use in Experiment 2. The yield of the present 
protein was about 0.6 ug/mouse. 



Fractions containing the present protein were collected, 
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Physicochemical. property of protein 
Experiment 2-1 
Mo 1 e cul ar we igh t 

In accordance with the method reported by U . K. Laemmli 
in Nature, Vol.227, pp. 680-685 (1970), the purified protein 
prepared by the method in Experiment 1 was electrophoresed in a 
sodium dodecylsulfate ( SDS ) polyacrylamide gel free of reducing 
agent to mainly show a single protein band with an I FN - y inducing 
activity at a position corresponding to about 19,000±5,000 
daltons. The marker proteins used in this experiment were calf 
serum albumin (MW-67,000 daltons), ovalbumin (MW-45,000 daltons), 
soy bean trypsin inhibitor (MW=20,100 daltons), and a-lactalbumin 
(MW=14,400 daltons). 
Experi ment 2 -2 
I so electric p_oint 

The purified protein in Experiment 1 was chromatof ocused 
to give an isoelectric point of about 4.8±1.0. 
E xper.iment 2-3 

Part i a .1 a m .1. n o ac i d seq uon e e 

A portion of an aqueous solution containing the purified 
protein in Experiment 1 was concentrated up to a volume of about 
HO p! which was then admixed with 25 pi of a solution containing 
3 w/v % SDS, GO v/v % glycerol, and 60 nig/ml dithiothr e:i tol . The 
resul tant mixture was incubated at 50° C for 30 min, positioned on 
15 w/v % polyacrylamide gel, and electrophoresed in usual manner. 
The resultant gel was stained by soaking the gel in a mixture 
solution of 10 v/v % aqueous acetic acid solution and 50 v/v % 
aqueous methanol, solution containing 0.1 w/v % cooinassie brilliant 
blue R 250, destained by repeatedly washing the gel with a mixture 
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solution of 12 v^W % aqueous methanol solutior and 7 v/v % aqueous 
acetic acid solution, and washed by soaking it in distilled water 
for 1R hours. A portion, which was stained with the coomassie 
brilliant blue and contained the present protein, was cut out of 
the gel, and lyophilized. 

The lyophilized gel was soaked in 0.6 ml aqueous 
solution consisting of 100 mM sodium hydrogen carbonate containing 
2 ug/ml "TPCK TRYPSIN", 0.5 mM calcium chloride, and 0.02 v/v % 
aqueous Tween 20 solution, followed by the incubation at 37 C for 
18 hours to trypsinize the protein. The resultant was centrifuged 
to obtain a supernatant, while the resultant precipitate was 
soaked in one ml of one v/v % aqueous trif luoroacetate containing 
0.001 v/v % Tween 20, shook for 4 hours at ambient temperature, 
and centrifuged to obtain a supernatant. The newly formed 
precipitate was successively treated similarly as above with 70 
v/v aqueous tri f luoroacetate containing 0.001 v/v Tween 20 and 
with 50 v/v % aqueous acetonitrile to obtain a supernatant. The 
resultant supernatant and the supernatant already obtained in the 
above were pooled and concentrated up to 250 ul, and the 
concentrate was centrif ugally filtered. 

The resultant aqueous solution containing peptide 
fragments was fed to "HPLC ODS-120T", a column for HPLC 
commercialized by Tosoh Corporation, Tokyo, Japan, which had been 
previously equilibrated with 0.1 v/v aqueous trif luoroacetate, and 
the column was washed with 0.1 v/v % aqueous trifluoro acetate, 
and fed with 0.1 v/v % trifluoro acetate at a flow rate of 0.5 
ml/min while the concentration of aqueous acetonitrile was 
increasing from 0 v/v % to 70 v/v 6 and the concentration of 
peptide in the eluate was monitor. ing by a spectrophotometer at: 
wave lengths of 214 nm and 280 nm. Fractions eluted about 75 min 
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respectively collected (hereinafter named "peptide fragment A" and 
"peptide fragment B " ) . The elution pattern was in FIG. 1. 

The peptide fragments A and B were analyzed on "MODEL 
473 A" , a protein sequencer commercialized by Perkin-Elmer Corp., 
Instrument Div. , Norwalk, USA , and revealing that they have the 
amino acid sequences in SEQ ID NOs : 1 and 2. 
Ex periment 2-4 
Bi ological activity 
Expe riment 2-4( a ) 

Induction of the IFN-y production by i m muno compete nt cell 

BDF1 Female mouse spleen, 8-week-old, was extracted and 
dispersed in serum-free RPMI 1640 medium ( pH 7.4), and the cells 
were washed with a fresh preparation of the same medium, and 
soaked in Gei buffer ( pH 8.0) to hemolyze. The resultant 
spleen cells were suspended in RPMI 1640 medium ( pH 7.4) 
supplemented with 10 v/v % calf serum to give a cell density of 
IxlO 7 cells/ml, fed to a cell - separatory nylon wool column 
commercialized by Wako Pure Chemical Industries, Ltd., Tokyo, 
Japan, and incubated in an incubator at 37° C for an hour under 5 
v/v % CO ? conditions. Thereafter, T-cells were collected from the 
column by feeding to the column with RPMI 1640 medium ( pH 7.4) 
supplemented with 10 v/v % calf serum, and washed with a fresh 
preparation of the same buffer. The resultant cells were used in 
the following experiment for I FN - y induction. 

0.15 ml aliquots of a mouse T-cell suspension in RPMI 
1640 medium ( pH 7.4) with a cell density of 1x10' cells/ml were 
i n "j e c ted i n t o 9 6 - we 1 1 mi c r o p 1 ate s , and to each we 1 1 w as added a 
present purified protein, which had been diluted with 0.05 ml RPMI 
1640 medium ( pH 7.4) supplemented with 10 v/v % calf serum 
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presence or in the absence of 0.5 ug/ml concanavalin A in an 
incubator at 37° C for 24 hours under 5 v/v % CO ? conditions. From 
each well 0.1 ml of the culture supernatant was collected and 
assayed for IFN-y production level by conventional enzyme 
immunoassay ( E I A ) . As a control, a sample free of the present 
purified protein v;as provided and treated similarly as above. The 
standard mouse IFN-y preparation 0902-901-533, obtained from The 
National Institutes of Health, USA, was used as an IFN-y standard 
in this experiment, and the activity was expressed in terms of 
international units (IU). 

As a result, no significant IFN-y production was found 
with the control sample but found with the test sample: The 
present protein induced about 2-2,000 IU IFN-y and about 2-200 IU 
IFN-y from lxlO 6 mouse T-cells when the T-cells were respectively 
incubated with and without 0.02-10 pg/ml of concanavalin A. The 
results confirm that the present protein has an activity of 
inducing the IFN-y induction by immunocompetent cells. 

Throughout the present specification, one unit activity 
of the present protein is defined as an amount of which induces 
160 IU IFN-y production when tested in the presence of 
concanavalin A . 
Experiment 2^4 ( b ) 

Augmentation of cytotoxicity of ki.lDer cell 

Similarly as in Experiment 2-4(a) mouse spleen cells 
were suspended in RPMI 1640 medium ( pH 7.2) containing 100 ug/ml 
kanamyoin, 5xl0" 1, M 2 -mercaptoethano.I , and 10 v/v " calf serum to 
give a cell density of 1x10'' cells/ml. The cell suspension was 
mixed with 0, 1, T) or 10 units/ml of a recombinant human 
inter leukin 2, placed in a 25-ml culture flask, admixed with 0, 
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in an incubator at 37° C for 72 hours under 5 v/v % C0 2 conditions. 
Thereafter, the resultant cells were washed with a fresh 
preparation of the same RPMI 1640 medium ( pH 7.2), and suspended 
together with YAC-1 cells ( ATCC TIB160), which were previously 
labeled with radioactive sodium chromate, to give a cell ratio oi 
20/1 or 40/1 (effective cells/target cells) in a fresh preparation 
of the same RPMI 1640 medium ( pH 7.2). The cell suspension was 
poured in 96-well microplates and incubated in an incubator at 
37° C for 4 hours under 5 v/v % C0 2 conditions, followed by 
determining the radioactivity of 51 Cr in the resultant supernatant 
by a y-r&y counter. The results were in Table 1. 

The results in Table 1 show that the present protein has 
an activity of inducing the cytotoxicity of killer cells, and the 
activity is augmented by interleukin 2. 



Table 1 



Factor 



Cytotoxicity ( -h ) 



i he present protein Interleukin 2 Ratio 

( uni\/ml ) ( unit/ml ) ( Effective eel Is/Target cells ) 



100 
20 
4 

0. 8 

0 



00 
20 
4 



0 
0 



0 
0 



0 

1 

.! 
1 



40/1 
4 8.6 
. ; f > . : > 
2 3 . o 

22 . 9 



20/1 
4 6 . 0 



0 . 1 



5 . a 



[: )4 . 2 
4 0.5 



0.0 



i t ) . 4 



2 6 . 4 
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0 


1 


0.4 


0.0 


100 


5 


f>3 . 6 


59.1 


20 


5 


62 . 2 


49 . 1 


4 


5 


56.2 


44 . 6 


0.8 


5 


38 . 4 


7.3 . 4 


0 


5 


1 . 0 


0.2 


100 


10 


67 . 8 


56.5 


20 


10 


67 . 7 


59 . 9 


4 


10 


62 . 8 


54 . 1 


0.8 


10 


46 . 2 


31 . 7 


0 


10 


1.0 


0 . 5 



No protein having the above identified physicochemical 
properties has been known, and this confirms that it is a novel 
protein. The present inventors isolated mRNA from mouse liver 
cells, collected a DNA fragment which partially encodes the 
present protein by the reverse transcript ion-polymerase chain 
reaction (RT-PCR) in the presence of a primer which was chemically 
synthesized by using the mRNA as a template, based on the partial 
amino acid sequence revealed in Experiment 2-3, and energetically 
studied a cUNA library, prepared from the mRNA by using the DNA 
fragment as a probe, to obtain a DNA fragment in SEQ ID NO : 4 which 
contains the 5 T -terminus and consists of 471 base pairs. The 
decoding of the base sequence revealed that the present protein 
contains an amino acid sequence in SEQ ID NO : 3 which consists of 
157 amino acids and contains the N-terminal. In SEQ ID NO : 3 the 
symbol "Xaa" as an amino acid means "Met (methionine)" or "Thr 
( threonine ) " . 



i lie sequentx a J- Lecimiquey usua lu it^vtai l,uu umxixu 
sequence and base sequence in SEQ ID NOs:3 and 4 are summarized 

(1) The present protein is isolated from mouse liver 
cells and highly purified by combining 
conventional purification methods comprising 
chromatography as a main technique; 

(2) The resultant purified protein was digested with 
trypsin, and 2 polypeptide fragments were isolated 
from the resultant mixture and determined for 
amino acid sequence; 

(3) From mouse liver cells, mRNA was collected, and a 
DMA fragment which partially encodes the present 
protein was prepared by the reverse transcription- 
polymerase chain reaction (RT-PCR) in the presence 
of a primer which was chemically synthesized by 
using the mRNA as a template based on the partial 
amino acid sequences revealed in the above. The 
PNA fragments were screened by using an 
oligonucleotide as a probe which had been 
chemically synthesized based on these partial 
amino acid sequences, to] lov/ed by collecting a DNA 
frug m e n t which partially encodes t he prosen t 
protein; 

(4) A oDNA library wis prepared with the mRNA as a 
template and hybridized with the DNA fragment as 
a probe, followed by collecting a transformant 
which strongly hybridized with the DNA fragment; 
and 

(5) A cDNA was isolated from the transformant, and the 
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comparison of the decoded amino acid sequence and 
thp. partial amino acid sequence revealed that the 
base sequence encodes the present protein. 
The following Experiment 3 is to explain the above 
techniques (3) to (5), and the techniques in themselves used 
therein are commonly known in the art, for example, those 
disclosed by J. Sumbrook et al . in "Molecular Cloning, A 
Laboratory Manual", 2nd edition (1989), published by Cold Spring 
Harbor Laboratory Press, New York, USA , and by Masami MURAMATSU 
in "Rabo-Manual for Genetic Technology" (1988), published by 
Maruzen Co., Ltd., Tokyo, Japan. 
Ex p eri m en t 3 
B J a^e___sj3grie^ 
of protein 
Ex per t m e n t 3 - 1 
P rep a r at ion of who le_R N A 

Three g of wet mouse liver cells, similarly prepared by 
the method in Experiment 1, was weighed, soaked in 20 ml of a 
mixture solution containing 6 M guanidine. i sothiocyanate , 10 inM 
sodium citrate, and 0 . 5 w/v SDS, and disrupted with a homogenize! . 
3 5 -ml centrif ligation tubes were injected with 25 ml of 0.1 M EDTA 
( pH 7.5) containing 5.7 M cesium chloride, and 10 ml of the. 
homogenized cell s were overlaid on the upper part of the solutions 
in the tubes, followed by ceiri ri fuging the tubes at 25,000 rpm for 
2.0 hours to collect EN A fractions. The fractions were pooled, 
distributed into 15~itl1 oentri f ligation tubes, ana mixed with egual 
\/ulumes of a mixture solution of ehJ.orofonr. and isobutanol ( = 4:1 
by volume). The tubes were vibrated for 5 mi n and centrif uged at 
4° C and at 10,000 rpm for 10 min, and the formed water layers were 



allowed to stand at -20° C for 2 hours to precipitate the whole 
RNAs. The precipitate was collected, pooled, washed with 75 v/v 
% aqueous ethanol solution, and dissolved in 0.5 ml of sterilized 
distilled-water for use in the following experiment. The yield 
o^f the RNAs was about 4 mg a riry solid basis (d.s.b.). 

Experiment 3-2 

Preparation o f DNA fragments encoding partia lly 
the present protein 

One ug of the whole RNAs in Experiment 3-1 was mixed with 
4 pi of 25 mM magnesium chloride, 2 pi of a solution of lOxPCR 
buffer consisting of 100 mM Tris-HCl buffer ( pH 8.3) and 500 mM 
potassium chloride, 8 pi of one mM dNTP mix, one pi of a solution 
containing one unit /pi RNase inhibitor, one pi of a solution 
containing 2.5 units/pl reverse transcriptase, and one ul of 2.5 
pM random hexamer, and further mixed with sterilized distiiled- 
water to give a total volume of 20 pi. The mixture solution was 
placed in 0.5 ml reaction tubes, and, in usual manner, 
successively incubated at 25" C for 10 min, at 42 C for 30 min, at 
99° C for 5 min, and at 5° C for 5 min to effect the reverse 
transcriptase reaction, followed by recovering an aqueous solution 
containing the fir~st strand cDNA . 

To 20 pi of the aqueous solution were added 4 p 1 of 25 mM 
magnesium chloride, & pi of lOxPCR buffer, 0.5 pi of a soJutlon 
containing 2 . 5 units/pl of AnvpliTaq DNA po.'l y mo rase commercialized 
by Perkin-Elmer Corp., Instrument Div . , Norwalk, USA, and one 
pmole of primer 1 or 2 as a sense primer or an anti-sense primer. 
The mixture solution was volumed up to 100 ul with sterilized 
disti.Ued-water, and, _i n usual manner, successively incubated at 
94° C foi one min, at 45" C for 2 min, and at 72 C for 3 min in a 
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partially encodes the present protein, by using the first strand 
oDNA as a template. The primers 1 and 2 are ol iqonucleot ides , 
which were chemically synthesized based on the amino acid 
sequences of Pro- Glu- Asn- I le-Asp- Asp- I ie and Phe-Glu- Asp-Ket-Thr- 
Asn-TlP in SPO ID NOs : 1 and 2, have base sequences of 5'- 
ATRTCRTCDATRTTYTCNGG-3 ' and 5 ' - TTYGARGAYATGACNGAYA T-3 1 , 

respectively . 

A portion the resultant PCR product was fractionated 

on electrophoresis in 2 w/v % agarose gel, transferred onto a 
nylon film, fixed with 0.4 N sodium hydroxide, washed with 2xSSC, 
air-dried, soaked in a prehybridization solution containing 
5xSSPE, 5xDenhard T s solution, 0.5 w/v % SDS and 100 ug/ml of 
denatured salmon sperm DNA , and incubated at 65 C for 3 hours. 
An oligonucleotide as a probe 1 having a base sequence of 5'- 
TTYGARGARATGGAYCC-3 T was synthesized based on the amino acid 
sequence of Phe-Glu-Glu-Met-Asp-Pro in SEQ ID NO : 1 , and labeled 
with [y- 32 P]ATP and T4 polynucleotide kinase. The nylon film was 
soaked in a solution containing one pmole of the probe 1, 5xSRPE, 
5xDenhardt T s solution, 0.5 w/v -o SDS , and 100 ug/ml of a denatured 
salmon sperm DNA, and incubated at 45" C for 24 hours to effect 
hybridization. The resultant nylon film was washed with 6xSSC and 
autoradi ographed in usual manner- and reveal ing that the PCR 
j roduct; contai ned the objective DNA f 'r acjment . 

The remaining PCR product was mixed with "pT7 BLUE T", a 
plasmid vector comiuerci al i zed by Takara Shuzo Co., Ltd., Tokyo, 
Japan, an adequate amount of T4 ligase, and further mixed with 100 
mM ATP up to give a concentration of one niH, followed by the 
I ncuba t i o n at J 6 " C f a r I 8 h o u r s t o i n s e r t 1: he DNA i :r a g 1 1 1 e n t into 
the plasmid vector. The recombinant DNA thus obtained was 
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introduced into hlsciiei\LCiii-ci cu±± Nova blue SL-Lca-Ln, o. nuuiuuiyaiuom 
of the species Escherichia coll commercialized by Pharmacia LKB , 
Uppsala, Sweden, to obtain a transformant which was then 
inoculated into a medium plate containing 10 g/1 bactotryptone, 
2.5 g/1 Godiun ch*l or? r_, o, 1 ^CJ/l b^ntn-nanr l DO ma / I nnipi ci 1 ] in, 
40 mg/1 X-Gal and 23.8 mg/.l isopropyl- (3-D- thiogal acto-pyranos ide 
(hereinafter abbreviated as "IPTG"), and incubated at 37 C for 24 
hours to form colonies. A nylon film was in usual manner 
pubi LiOiicu on a iu^uiuiu plate and allowed to stand for o L c u t 20 
seconds to attach the colonies thereunto. The nylon film was then 
detached from the medium plate and soaked for 7 min in a solution 
containing 0.5 N sodium hydroxide and 1.5 M sodium chloride to 
effect cell lysis. Thereafter, the nylon film was soaked for 3 
min in 1.5 M sodium chloride in 0.5 M Tris-HCl buffer ( pH 7.2), 
washed with 2xSSC, soaked in 0.4 N sodium hydroxide for 20 min to 
fix the DMA , washed with 5xSSC, air-dried, soaked in a 
prehybr idization solution containing 5xSSPE, 5xDenhardt 1 s 
solution, 0.5 w/v % SDS, and 100 ug/ml denatured salmon sperm DNA, 
and incubated at 65° C for 3 hours. The colonies on the nylon film 
were in usual manner hybridized with the probe 1, washed with 
bxSSC, and autoradi ographed similarly as above, followed by 
selecting from the medium plate transformants which strongly 
hybridized with the probe 3. 

The transformants were inoculated in L-broth ( pH 7.2) 
containing 100 ug/ml ampicillin and incubated at 37 C for IB 
hours, followed by collecting cells from the culture and 
collecting recombinant DNA by conventional SDS-alkali method. The 
analysis of the dideoxy method revealed that the recombinant DNA 
o o 1 i 1 a i lie d a D N A f r a g m e n t c o n s 1 s tin g of has e s equei i c e s w h 1 c h 
correspond to those at positions from 85 to 281 in SEQ ID NO : 4 . 



20 - 




Experiment 3-3 
Preparation of mRNA 

0.05 ml of an aqueous solution containinq the whole RNAs 
in Experiment 3-1 was placed in a test tube, admixed with 0.5 ml 
of 10 mM Tris-HCl buffer ( pH 7.5) containing one mM EDTA and 0.1 
w/v % SDS, and volumed up to one ml with sterilized distilled- 
water. To the mixture was added one ml " 0LIGOTEX-dT30 SUPER", an 
oligo-d(T) 30 latex commercialized by Nippon Roche K.K., Tokyo, 
Japan, followed by the incubation at 65°C for S min to rienatnrp 
the RNAs and the cooling for 3 min in an ice-chilled bath. The 
resultant mixture was admixed with 0.2 ml of 5 M sodium chloride, 
incubated at 37° C for 10 min, and centrifuged at 10,000 rpm at 
25° C for 10 min. The precipitate in the form of a pellet was 
suspended in 0.5 ml sterilized distilled-water , and incubated at 
65° C for 5 min to extract mRNA from the oligo-d(T) 30 latex. The 
yield of the mRNA was about 5 ug . 
Exp e riment 3-4 

Preparation of c DNA lib rar y 

cDNA Library was prepared from the mRNA in Experiment 3-3 
by using " cDNA SYNTHESIZING SYSTEM PLUS", a cDNA cloning kit 
commercialized by Amersham Corp., Div., Amersham International, 
Arlington Heights, USA . The procedures were as follows: To 1.5- 
ml reaction tube were successively added 4 pi of a solution for 
synthesizing the first strand cDNA, one pi sodium pyrophosphate 
solution, one pi of a solution of human placenta r:l bonuclease 
inhibitor, 2 pi deoxynucleot ide triphosphate mix, and one pi 
oligo»dT primer. The resultant mixture was mixed with 2 pi of 
mRNA in Experiment: 3-3, volumed up to 19 p] with sterilized 
distilled-water, mixed with one pi of a solution containing 20 
units of reverse transcriptase, and incubated at 42 C for 40 min 
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The mixture thus obtained was mixed with 37.5 ul of a 
solution for synthesizing the second strand cDNA, 0.8 units of 
ribonuclease H derived from Escherichia coll, and 23 units of DNA 
polymerase, and volumed up to 100 ul with sterilized distilled- 
water. The resultant mixture- was successively incubated at 12 C 
for 60 min and at 22° C for 60 min, mixed with 2 units of T4 DNA 
polymerase, and incubated at 37° C for 3 0 min to obtain a reaction 
mixlu^e containing the second strand cDMA. Tc the m^Hnn 
mixture was added 4 ul of 0.25 M EDTA ( pH 8.0) to suspend the 
reaction, and the resultant was in usual manner extracted with 
phenol and chloroform and treated with ethanol to precipitate the 
objective cDNA , followed by recovering the precipitate. 

To the cDNA thus obtained were added 2 ul of L/K buffer, 
250 pinole Eco Rl adaptor, and 2.5 units of T4 DNA ligase in this 
order, and the resultant solution was volume 5 up to 20 pi with 
sterilized di sti 1 led- water , and incubated at 15' C for 16 hours to 
ligate the Eco RI adaptor to the both ends of the cDNA. The 
reaction mixture was mixed with 2 ul of 0.25 M EDTA to inactivate 
the remaining enzyme, and subjected to molecular sieve 
chromatography to remove intact Eco Rl adaptor. To the resultant 
were added 40 ul of L/K buffer and 80 units of T4 polynucleotide 
kinase, and lhc-i mixture was volumed up to 400 ul with sterilized 
disti i .1 ed-water , followed by the. incubation at 37 C for 30 min to 
mothylate the Eco RI cleavage- sit es . The resultant mixture was 
extracted with phenol and chloroform and treated with ethanol to 
precipitate the objective DNA, followed by recovering the DNA. 
To the DNA wore added 1.5 pi of L/K buffer containing an adequate 
amount of Zgt 10 ax ins, and 2.5 unit.- ol T4 DNA ligase, and the 
resultant solution was volumed up to 1 5 pi with 



ligation, and subjected to conventional In vitro packaging method 
to obtain a phage containing a recombinant A.DNA . 
Exp e rini ent 3-5 

Cloning o f reco mbinan t DNA 

A seed culture of Escherichia coll NM514 strain was in 
usual manner infected with the phage in Experiment 3-4, and the 
infected cells v/ore inoculated in an agar plate ( pH 7.0) 
cualaiiiiiiy 10 g/1 bacLotrypton, Z g/1 Lacto-yoast extract, 10 g/1 
sodium chloride and 15 g/1 bacto-agar, and incubated at 37 C for 
6 hours to form plaques. The agar plate was covered with a nylon 
film and allowed to stand for about 30 seconds to attach the 
plaques thereunto. The nylon film was detached from the plate, 
and successively soaked in an aqueous solution containing 0.5 M 
sodium hydroxide and 1.5 M sodium chloride for 2 min and in 0.5 
M Trls-HCl buffer ( pH 7.0) containing 1.5 M sodium chloride for 
5 min. The nylon film was washed with 5xSSC, air-dried, soaked 
in a solution containing SxSSPE, OxDenhardt ' s solution, 0.5 w/v 
% SOS , and 100 pg/ml denatured salmo 1 sperm DNA, and incubated at 
65° C for 3 hours. Thereafter, the resultant; nylon film was 
Incubated in a solution containing an adequate amount of DMA 
f ragment as a probe 2 obtained in Experiment. 3~:i and labeled with 
p by "READY PRIME DNA LABELLING SYSTEM", a DNA labeling kit 
commercialized by Amcrsham Corp. , Div. , Amersham International, 
Arlington Heights, USA , r .~>xSSPE, ^xDenhardt r s solution, 0.5 w/v 
SDS, and 100 pg/ml of denatured salmon sperm DNA, and the mixture 
was .incubated at 60" C for 20 hours to effect hybridization. The 
resul tant was subjected to autor adioqiaphy sim.'U a 3 ly as above to 
select phage DNA clones which strong.! y hybridised with the probe 
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in Escherichia coll, followed by the extraction of a recombinant 
DNA from the cells. The recombinant DNA v/as cleaved v/ith Eco RI , 
a restriction enzyme. Plasmid vector pUC19 ( ATCC 37254) was 
c 1 c a T r c d v. 7 i t h t h o s r> T n ^ ro s i 7" i c t i on o n y. ym c 7 n n d tbo resultant 
cleaved DNA fragments and plasmid fragments were ligated with DNA 
ligase to obtain a recombinant DNA which was then introduced into 
Escherichia coll JM109 (ATCC 53323) by conventional competent cell 
methoa lu obtain ci LidiibiuiiiiciiiL. 
Experim ent 3-6 

D etermina tion of b ase se gj^nce_^nd^mi no acid s equence 

The transformant in Experiment 3-5 was inoculated into L- 
broth (pH 7.2) and cultured at 37°C for 18 hours under shaking 
conditions. The resultant proliferated cells were collected and 
treated with conventional SDS-alkali method to obtain a 
recombin rit DNA containing the DNA according to the present 
invention.. The analysis on an automatic sequencer using a 
fluoropiiotometer revealed that the recombinant DNA contains the 
base sequence from the b '--terminus in SEQ ID NO : L3 . The decoding 
of the base sequence indicated that it encodes the am_i.no acid 
sequence* containing the N- termi nal in SEQ ID NO : 5 . The amino acid 
sequence contains the partial amino acid sequences in SEQ ID NOs : 1 
t ^nd ? corresponding to those at positions from 79 to 103 end from 
7/c to ^3 in SEQ ID NO:'), and this menus that; the present protein 
contains the amino acid sequence containing the N- terminal in SEQ 
ID NO: 3, and that it is encoded by a DNA containing the base 
s e q u e n rc e fro m 1 1 1 e 5 T - t e r m i 1 1 u s i 1 1 S E Q I D NO : 4 . 

As is described above, the pi osant inventors have found 
the present protein, which induces IKN-y production by 
immunocompetent cells, through their long term research. Unlike 



physico-chemical properties. The present invention is to provide 
the protein by applying the recombinant DNA technology. The 
present protein and its preparation will be described in detail 
with reference to the following Examples. 

The protein according to the present invention means 
proteins in general which have specific physicochemical properties 
and those derived from natural sources, as well as those prepared 
Vy -the recombinant DNA technology. The present protein g^n^rally 
has a partially or totally revealed amino acid sequence, for 
example, the amino acid sequence containing the N-terminal in SEQ 
ID NO: 3 and its homologous amino acid sequences. Variants, which 
have complementary amino acid sequences to the one in SEQ ID NO : 3 , 
can be obtained by replacing one or more amino acids in SEQ ID 
NO: 3 with other amino acids without alternating the inherent 
biological properties of the present protein. Even when used the 
same DNA and depending on hosts into which the DNA is introduced, 
as well as on the components and the conditions of cultivation 
temperature and pH for culturing transf ormants containing the DNA , 
it may be formed variants which are defective in or additionally 
contain one or more amino acids near to the N-terminal in SEQ ID 
NO : 3 , but have the inherent biological properties of the protein 
through the modification by internal enzymes of t. h- hosts after 
the DNA expression. The present protein includes such variants 
as long as they induce the I FN- y production by immunocompetent 
cells . 

The present protein can be prepared by culturing in 
nutrient culture media transformants with DNAs encoding the 
protein, and collecting the formed protein from the resultant 
cultures. The transformants usable in the present invention can 
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be ootained by inti. oducmg lino cippiupiiuLu ho^l.^ ^iw^ n^v^Liy ^n^. 
base sequence of SEQ ID NO : 4 , homologous base sequences to it, and 
complementary ones to these base sequences. One or more bases in 
those base sequences can be replaced with other bases by ireans of 
t;he deaeneracy of genetic code without alternating the amino acid 
sequence of the present protein. To express the production of the 
protein in hosts by such DNAs, one or more bases in base sequences 
which encode the present protein or its variants can be replaced 
with other bases. 

Any DNA can be used in the present invention as long as 
it has one of those base sequences independently of their origin, 
i.e. those from natural sources or those prepared by chemical 
synthesis. The natural sources include, for example, mouse liver 
cells from which the gene containing the present DNA is 
obtainable. The preparation procedure is as follows: Remove 
mouse liver previously challenged with stimulants such as 
Corynehac ter lurn parvum, BCG (Bacillus Calmette-Guor In, mitogen and 
lipopolysaccharide, disrupt the liver colls, and isolate the whole 
DNAs from the resultant suspension. Treat the DNA: , with oligo-dT 
cellulose or oligo-dT latex to obtain poly ( A ) ' RN A , and 
fractionate it using a sucrose density gradient buffer to isolate 
KiRNA . Allow a reverse transcriptase and a polymerase to act on 
the. mHNA as a template to form double- stranded cDNA, introduce the 
c DNA into an appropriate, sol f --replicable vect oi , and introduce the 
r esultant recombinant DNA into an appropriate host such as 
Escherichia coll. Culture the resultant traiisi or man I in a 

nutrient eulture medium, and collect the pro] i f erated cells 
containing the DNA encoding the present protein by live colony 
hybridization method. The DNA according to the pi resent: invention 
is obtainable by treating the trans lormants with conventional 
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it is prepared by the chemical synthesis based on the base 
se q uence i n SEQ ID NO : 4 , or by introducing a DNA which encodes the 
amino acid sequence in SEQ ID NO : 3 into an appropriate vector to 
form a recombinant DNA, introducing the recombinant DNA into an 
appropriate host, culturing the resultant transformant in a 
nutrient culture medium, isolating the proliferated cells from the 
culture, and collecting plasmids containing the objective DNA from 
the cells. 

The DNA was generally introduced into hosts in the form 
of a recombinant DNA. Such a recombinant DNA usually contains the 
DNA and a self -replicable vector, and it can be readily prepared 
by the recombinant DNA technology in general if only the DNA is 
in hand. Examples of such self -replicable vector are plasmid 
vectors such as pKK223-2, pGEX-2T, pRL-X, pBTrp2 DNA, pUBHO, 
YEpl3, Ti plasmid, Ri plasmid and pBI121. Among these vectors, 
pKK223-2, pGEX-2T, pRL->,, pBl rp2 DNA, pUBHO and YEpl3 are 
suitably used v:hen the present DNA is expressed in procaryotes 
such as yeasts and other microorganisms of the species Escherichia 
coll and Bacillus suhtllls , while Ti plasmid, Ri plasmid and 
p3I121 are suitably used for the expression in animal and plant 
ceil s . 

To introduce the present DNA into these vectors, 
conventional methods used in this field can be arbi t.i arily used: 
Genes containing the present DNA and so I f - repl ioable vectors are 
cleaved with restriction enzymes and /or ultrasonic, and the 
resultant DNA fragments and vector fragments are ligated. To 
cleave genes and vectors, the use. of restriction enzymes, which 
specifically act on nucleotides, more particularly, type 11 
restriction enzymes such as Sau 3AI , Eco RI , Hind III, Bam HI, Sal 
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fraqments and vector fraqments. To ligate DNA fragments and 
vector fragments, they are, if necessary, first annealed, then 
treated with a DMA ligase in vivo or in vitro. The recombinant 



DNAs thus obtained can be readily introduced into appropriate 
hosts, and this enables the limitless replication of the DNAs by 
culturing the transf ormants . 

The recombinant DNAs usable in the present invention ccn 
be introduced into appropriate hosts such as yeasts and other 
microorganisms of the species Escherichia coll and Bacillus 
suhtilisi When microorganisms of the species Escherichia coll are 
used as a host, they are cultured in the presence of recombinant 
DNAs and calcium ions, and the competent cell method and the 
protoplast method are used when microorganisms of the species 
Bacillus subtilis are used as a host. To clone the objective 
transf ormants , they are selected by the colony hybridization 
method or by culturing all the transf ormants in nutrient culture 
media, and selecting those which produce proteins capable of 
inducing immunocompetent cells to produce I FN- y * 

The transf ormants thus obtained produce the present 
protein intraeel lul ar ly or extracellular ly when cultured in 
nutrient culture media. Kxampl.es of such nutrient culture media 
are those in the form of .liquid in general which contain carbon 
s ou r o e s , n i t r o g en sou i. <. ~: e s and minerals, a s w ell as a : n 1 no a c i d s 
and/or vitamins as a micronutrient . The carbon sources usable in 
the present invention include saccharides such as starch, starch 
hydro] ysates , glucose, fructose and sucrose. The nitrogen sources 
vi sable in the present invention include nitrogen containing 
organic- and inorganic-compounds such as ammonia and their salts, 

- 2 8 - 



steep liquor, and beef extract. Transf ormants are inoculated into 

o 

nutrient culture media and incubated at a temperature of 25-65 C 
and at a pH of 2-8 for about 1-10 days under- aerobic conditions 
by the agitation-aeration method, etc., to obtain cultures 
containing the present protein. Although the cultures can be used 
intact as an 1 FN- y inducer, they are, if necessary, subjected Lo 
ultrasonication and/or cell lysis enzymes to disrupt cells, 
followed by filtering or centr i f ugi.ng the resultant suspensions 
to remove intact cells and cell debris, and further purifying the 
resultant supernatants containing the present protein. The 
purification methods usable in the present invention are, for 
example, those which are generally used in this field to purify 
biologically active substances, i.e. concentration, salting out, 
dialysis, separatory sedimentation, gel filtration chromatography, 
ion-exchange chromatography, hydrophobic chromatography, affinity 
chromatography, chromato focusing , gel electro; phoresis, and 
isoelectric point electrophoresis, and, if necessary, two or more 
of them can be used in combination. The resultant purified 
solutions containing the present protein can be concentrated 
and/or lyophilized into liquids or solids to meet to final uses. 

As is described above, the present protein has an activity 
of inducing 1 FN - y production by immunocompetent; cells. Because 
of this, the present protein can be arbitrarily used as 
therapeutic and/or prophylactic agents, for example, those for 
virus diseases such as AIDS and condyloma acuminatum; malignant 
tumors such as renal cancer, granuloma, mycosis fungoides and 
c;erebral tumor; and immune disorders such as articular rheumatism 
and at 1 ergy . 

The present protein is allowed to coexist in nutrient 



cells, or directly administered to mammals for the treatment 
and/or prevention of I FN- y susceptive diseases. In the former, 
leukocytes separated from peripheral blood of mammals, or 
established immunocompetent cells such as HBL-38 cells, MO cells, 
Jurkat cells, EL-4 cells and L12-R4 cells are suspended in 
nutrient culture media containing the present protein to induce 
the I FN- y production. If necessary, such nutrient culture media 
can be supplemented with T-ccll stimulants such as mitogpn, 
interleukin 2, and anti-CD 3 antibody, and the cells are cultured 
at 30-40° C and at a pH of about 5-8 for about 1-100 hours while 
the media were replacing with fresh ones. IFN- y can be obtained 
from the resultant cultures by one or more conventional methods 
in general used for purifying biologically active substances, for 
example, concentration, salting out, dialysis, separatory 
sedimentation, gel filtration chromatography, ion-exchange 
chromatography, chromatof ocusing , gel electrophoresis, and 
isoelectric point electrophoresis . 

To treat and/or prevent 1FN-Y susceptive diseases, the 
present I FN- Y inducing agent is directly administered to mammals: 
For example, I FN- Y inducing agents are orally administered to 
mammals after formulated .into appropriate forms, or injected to 
t h e m a mm a 1 s i n t r a d e r m a 1 1 y , s u b c u t a n e o u s 1 y , m u s c u J a r 1 y , 

intravenously and peritonea 1 ly . The mammals , v/hich can be 
administered with the present: protein, are not restricted to 
human, and include other animals such as mouse, rat, hamster, 
rabbit, dog, cat, caw, horse, coat, sheep, pig and monkey. Since 
the present protein has a strong IF^N-y induci bi .1 1 ty and an 
extremely-low toxicity, It readily induces the I FN - Y production 
with only a small amount without causing serious side effects even 



present protein advantageously induces the desired amount of I FN- y 
production smoothly without strict control of the administration. 

The present protein has a feature of strongly augmenting 
the cytotoxicity of killer cells, and, when used in combination 
with interleukin 2 and/or tumor necrosis factor ( TNF ) , it exerts 
a strong effect on the therapeutic effect and/or the reduction of 
side effects in the treatment of adoptive immunotherapy for 
malignant tumors including solid carcinomas such as lung cancer, 
renal cancer and breast cancer. 

The preparation of the present protein using the 
transf ormants will be explained in detail with reference to the 
following Examples : 
Example 1 

Heplicable recombinant D NA and trans f ormant 

The first strand cDNA was prepared from the whole RNAs in 
Experiment 3-1 by using "GeneAmp RNA PCR Kit", a PCR kit 
commercialised by Takara Shuzo Co., Ltd., Tokyo, Japan. The 
procedures were as follows: To a 0.5-ml reaction tube were added 
4 pi of 25 mM magnesium chloride, 2 pi of lOxPCR buffer, 8 pi of 
one mM dNTP mix, one pi of one unit /pi RNase inhibitor, one pi of 
2.5 units/ul of reverse transcriptase, one pi of 2.5 pM random 
hexamer, and one pi of the whole RNAs in Experiment 3-1, and the 
mixture was volumed up to 20 pi with sterilized di st i 1 led -water . 
The resultant mixture was successively incubated at 25 C for 10 
min, at 42° C for 30 min, at 99° C for 5 min, and at 5 C for 5 min 
to obtain a reaction mixture containing the first strand cDNA. 

Twenty pi of the reaction mixture was mixed with 4 pi of 
25 mM magnesium chloride, 8 ul of lOxPCR buffer, 0.5 pi of 2.5 
units/pl of AmpliTaq DNA polymerase, and adequate amounts of sense 



CGAGGGATCGAACTTTGGCCGACTTC-3 * and 5 ' -CGAGGAATTCCTAACTTTGATGTAAG-3 ' 
which were chemically synthesized based on the amino acid 
sequences near to the N- and C-terminals in SEQ ID NO : 3 , and the 
resultant mixture was volumed up to 100 ul with sterilized 
distilled-water . The mixture was in usual manner successively 
incubated at 94' C for one min, at 55" C for 2 min, and at 72 C fox 
3 min, and the successive incubation was repeated 40 cycles. The 
resultant PGR product was cleaved with Bar- HI and Fro PI as a 
restriction enzyme to obtain a Bam HI -Echo RI DNA fragment. 

To an adequate amount of sterilized distilled-water were 
added 100 ng of the fragment, 10 ng of M pGEX-2T", a plasmid vector 
commercialized by Pharmacia LKB, Uppsala, Sweden, which had been 
cleaved with Barn HI and Echo RI as a restriction enzyme, an 
adequate amount of T4 DNA ligase, and 10 mM ATP in an amount of 
which gives the final concentration of one mM, followed by 
incubating the mixture solution at 16° C for 18 hours. The 
recombinant DNA thus obtained was introduced into Escherichia coll 
DH 5 strain (ATCC 53868) to obtain a tr ansf ormant which was then 
inoculated into L-broth ( pH 7.2) containing 50 ug/1 of ampicillin, 
followed by the incubation at 37° C for 18 hours and extracting the 
obiective recombinant DNA by conventional SDS-alkal i method. 

The recombinant DNA was named "pMGTG-1" and analyzed foi 
structure on the dideoxy chain termination method and reveal ing 
that, a s i s s h o w n in F I G . 2 , in p M G T G - 1 , MGTG c D N A w h i c : h h a s t h e 
base sequence of SEQ ID NO : 4 is positioned in the downstream of 
the Tac promoter and the gene for glutathione S transferase. 
Example 7. 

V reparation of protein by trans I ormant 

A transformant obtained by the method in Example 1 was 



and cultured at 37° C for 18 hours under shaking conditions. One 
v/v % of the proliferated transf ormants as a seed was inoculated 
into 18 L of a fresh preparation of the same medium, and cultured 
at 37° C under aeration-agitation conditions until the absorbance 
(A 650 ) of the culture reached to about 0.6, followed by adding IPTG 
to the culture to give a concentration of one inM . Theredi tei , the 
resultant culture was incubated for 5 hours and centrifuged to 
separate colls which were then suspended in a mixture sol Tit ion ( pH 
7.3) containing 150 mM sodium chloride, 16 mM disodium hydrogen, 
phosphate, and 4 mM sodium dlhydrogen phosphate, treated in usual 
manner with ultrasonication , and centrifuged to remove cell debris 
to obtain a supernatant. 

The supernatant was fed to a column packed with 
"GLUTATHIONE SHPH AROSE 4B", a gel commercialized by Pharmacia LKB, 
Uppsala, Sweden, which had been equilibrated with 50 mM Tris-HCl 
buffer (pH 7.5) supplemented with 150 mM sodium chloride, and the 
column was washed with a fresh preparation of the same buffer and 
fed with 50 mM Tris-HCl buffer { pH 8.0) supplemented with 5 inM 
reducing glutathione to elute proteins. Fractions containing 
proteins were pooled, mixed with calcium chloride to give a 
concentration of 2.5 ml \ together with 1,000 units of thrombin, and 
incubated at 25 ' C for 18 hours. The reaction mixture was fed to 
a column packed vri th "GLUTATHIONE SL L PHAROS L which had been 

oqui librated with 50 mM Tris-HCl buffer ( pH 7.5) supplemented w it)) 
150 mM sodium chloride, followed by recovering non-ad. orbed 
fractions . Thereafter, the fractions were pooled, concentrated , 
lyophilized to obtain a solid preparation containing the present 
protein with a specific activity of about 5x10'' unlts/mg protein 
in a yield of about 3 nig per one L of the culture. 



studied on the physicochemical properties and revealing that it 
has a molecular weight of 19,000±5,000 daltons on gel filtration 
and SDS-PAOE, and a pi of 4.8±1.0 on chromatof ocusing . The 
testing by the method in Experiment 2-4 revealed that the purified 
protein effectively induces the I FN- y production by 
immunocompetent cells independently of the presence of 
concanavalin A (Con A ) , and strongly augments the cytotoxicity of 
killer cells. This is an evidence that the present protein can 
be prepared by the recombinant DNA technology. 
[Effect of the Invention] 

The present invention is based on the finding of a novel 
protein which induces the I FN- y production by immunocompetent 
cells. The present protein is generally a substance with a 
partially or totally revealed amino acid sequence which has a 
stable activity of inducing I FN- y production by immunocompetent 
cells. Therefore, the present protein is widely used as an I FN- y 
inducer for the I FN- y production by the coll culture method and 
as a therapeutic and/or prophylactic agent in general for I FN- y 
susceptive diseases such as viral diseases, malignant tumors and 
inmmnopatnies . 

The present protein i as a strong ITN-y induclbiiity so 
that .it can induce the desired amount of IFM-y production with 
only a relatively small amount. The protein dose not cause 
scr.ious side effects even when administered to in a relatively 
large amount because of its extremely low toxicity. Therefore, 
the present protein has an advantage that it promptly induces the 
desired amount of I FN- y production without strictly controlling 
the dose. The present -protein has an outstanding activity of 
increasing the cytotoxicity of killer cells and inducing a strong 



- 34 - 



UU Li. VI Ly Oil Lilfci LlltiiapLiU LXU una/ Ui Lii^ a.^^^^^^^^ ^ ^ 

effects in the -treatment of adoptive immunotherapy for malignant 
tumors including solid carcinomas such as lung cancer, renal 
cancer and breast cancer. 

The present protein with these useful properties can be 
obtained in a desired amount by using the present DNA encoding the 
protein . 

The present invention is a significant invention that 
exerts such a remarkable effect and gives a great contribution to 
this field . 



SEQUENCE LISTING 



( 1 ) INFORMATION FOR SEQ ID NO : 1 : 

( i ) SEQUENCE CHARACTERISTICS: 

( A ) LENGTH : 25 amino acids 

( B ) TYPE : amino acid 
( D ) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

( v ) FRAGMENT TYPE : internal fragment 
(xi) SEQUENCE DESCRI PT ION : SEQ ID NO : 1 : 

lie lie Ser Phe Glu Glu Met Asp Pro Pro Glu Asn lie Asp Asp lie 

1 5 10 15 

Gin Ser Asp Leu lie Phe Phe Gin Lys 
20 2 5 



( 2 ) INI ORMATION FOR SEQ ID NO : 2 : 

( i ) SEQUENCE CHARACTERISTICS : 

( A ) LENGTH : 18 amino acids 
( B ) TYPE : amino acid 
( D ) TOPOLOGY : linear 

( ii ) MOLECULE TYPE : peptide 

( v ) FRAGMENT TYPE : internal fragment 
(xi) SEQUENCE DESCRI PTION : SEQ ID NO : 2 : 

Gin Pro Val Phe Glu Asp Met Thr Asp lie Asp Gin Ser Ala Ser Glu 
1 5 " 10 15 

Pro Gin 



( 3 ) INFORMATION FOR SEQ ID NO : 3 : 

( i ) SEQUENCE CHARACTERISTICS: 




( B ) TYPE : amino acid 

( D ) TOPOLOGY: linear 
( ii ) MOLECULE TYPE : pe otide 
(xi) SEQUENCE DESCRIPTION : SEQ ID NO : 3 : 
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Gly 
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Thr 
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lie 


Asp 


Gin 


Ser 


Ala 


Ser 


Glu 


Pro 


Gin 


Thr 


Arg 


Leu 


He 


lie 
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40 
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Tyr 


Met 


Tyr 


Lys 


Asp 


Ser 


Glu 


Val 


Arg 


Gly 


Leu 


Ala 


Val 


Thr 


Leu 


Ser 


50 










55 










60 










Val 


Lys 


Asp 


Ser 


Lys 


Xaa 


Ser 


Thr 


Leu 


Ser 


Cys 


Lys 


Asn 


Lys 


lie 


lie 


65 








70 










75 










80 


Sex 


Phe 


Glu 


Glu 


Met 


Asp 


Pi o 


Pro 


Glu 


Asn 


He 


Asp 


Asp 


lie 


Gin 


Ser 










85 










90 










95 
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lie 
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Phe 


Gin 


Lys 


Arg 


Val 


Pro 


Gly 


His 
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Lys 


Met 


Glu 






100 










105 










110 






Phe 


Glu 


Ser 


Ser 
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Glu 


Gly 


His 


Phe 


Leu 


Ala 


Cys 


Gin 


Lys 


Glu 
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120 
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150 
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( 4 ) INFORMATION FOR SEQ ID NO : 4 : 

( i ) SEQUENCE CHARACTERISTICS : 

( A ) LENGTH : 471 base pairs 

( B ) TY PE : nucleic acid 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO : 4 : 

AACTTTGGCC GAC1 IC^CTG TACAACCGCA GTAATACGGA AT AT AAAT G A CCAAGTTCTC 60 

TTCGTTGACA AAAGACAGCC TGTGTTCGA G GATATGACTG /TATTGATCA AAGTGCCAGT 120 

GAACCCCAG'A CCAGACTGAT AATATACATG TACAAAGACA GTGAAGTAAG AGGACTGGCT 180 

GTGACCCTCT C T G T G A A G G A TAGT AAAAYG TCTACCCTCT CCTGTAAGAA CAAGATCATT 240 

TCCTTTGAGG AAATGGATCC ACCTGAAAAT AT TGATGATA TACAAAGTGA T C T CAT AT I 1 C 300 

TTTCAGAAAC GT'GTTCCAGG AC AC A AC A AG ATGGAGTTTG AATCTTCACT GTATGAAGGA 3 60 

CACTTTCTTG CTT- 'CCAAAA GGAAGATGAT GCTTTCAAAC TCATTCTGA A AAAAAAGGAT 420 

GAAAATGGCG ATAAATCTGT AATGTTCACT CTCACTAACT TACATCAAAG T 471 



( 5 ) INFORMATION FOR SEQ ID NO : 5 : 

( i ) SEQUENCE CHARACTERISTICS : 

( A ) LENGTH : 471 base pairs 

( B ) TY PE : nucleic acid 

( C ) s t randedness : double 
( D ) TOPOLOGY : linear 

(ii) MOLECULE TYPE : cDNA to mRNA 
( v.i ) ORIGINAL SOURCE : 

( A ) A] : T MA] j : mouse 
( ;i x i V FAT0 ; :E : 

( A ) NAME /KEY : 1-471 mat peptide 
(xi)SEQUENCE DESCRIPTION : SEQ ID NO : b : 

A AC TTT GGO CGA CTT CAC TGT ACA ACC GCA GTA ATA CGG A AT ATA A AT 4 8 
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[Brief Description of the Accompanying Drawings] 

FIG. 1 is an elution pattern on HPLC of peptide fragments 
obtained by the trypsinization of the present protein. 

FIG. 2 is a structure of pMGTG-1, i.e. a recombinant DNA 
according to the present invention. 
[Explanation of the symbols] 

HGTG-1 cDNA : cDNA which encodes the present protein 

Ptac : tac promoter 

GST : glutathione S transferase gene 
AmpR : ampicillin resistant gene 

orl : replication initiation site of Escherichia coll 
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